ABSTRACT The role biodiversity plays in the provision of ecosystem services is widely recognized, yet few ecological studies have identiÞed characteristics of natural systems that support and maintain ecosystem services. The purpose of this study was to identify landscape variables correlated with natural pest suppression carried out by arthropod natural enemies, predators and parasitoids. We conducted two Þeld experiments, one observational and one experimental, where landscape variables at broad and local scales were measured and related to natural pest suppression. The Þrst experiment measured natural pest suppression at 16 sites across an urban to rural landscape gradient in south central Wisconsin. We found natural enemy diversity positively affected natural pest suppression, whereas ßower diversity negatively affected pest suppression. No relationship was found between natural pest suppression and broad scale variables, which measured the percentage of different land cover classes in the surrounding landscape. In the second experiment, we established small (2-by 3-m) replicated plots that experimentally varied ßower diversity (0, 1, or 7 species) within a plot. We found no signiÞcant relationship between natural pest suppression and the different levels of ßower diversity. The fact that we only found differences in natural pest suppression in our Þrst experiment, which measured natural pest suppression at sites separated by larger distances than our second experiment, suggests the more appropriate scale for measuring ecosystem services performed by mobile organisms like insects, is across broad spatial scales where variation in natural enemies communities and the factors that affect them become more apparent.
Despite human reliance on natural systems to provide ecosystem services, few ecological studies have identiÞed characteristics of natural systems that support and maintain ecosystem services. Although many ecosystem services are vital to human well being (water quality, air puriÞcation, and pollination), other services affect the spiritual, aesthetic, or recreational value of the environment (Kremen and Ostfeld 2005) . Ecological theory predicts biodiversity plays an important role in maintaining ecosystem services (Hooper et al. 2005 , Duffy et al. 2007 , Scherber et al. 2010 ), yet biodiversity loss is occurring at unprecedented rates because of anthropogenic alterations of the environment (McKinney 2002 , Polasky et al. 2008 . Continued loss of biodiversity may affect the ability of human modiÞed landscapes to provide ecosystem services, creating a need to identify landscape characteristics that play a role in supporting these services.
Arthropods perform many important ecosystem services including decomposition, pollination, and natural pest suppression. Each year in the United States, arthropods provide pollination and natural pest suppression services to humans worth over US$8 billion (Isaacs et al. 2009 ). In agriculture, insect predators and parasitoids provide an estimated US$4.5 billion worth of pest suppression to crops grown in the United States (Losey and Vaughan 2006) . Although the ecosystem services arthropods provide to humans are most often quantiÞed for agricultural systems, people living in urban areas also beneÞt from the services arthropods perform. For example, arthropods provide pollination services to urban gardens as well as suppress herbivorous insect pests in ornamental landscapes Raupp 2006, Frankie et al. 2009 ). Although arthropods can provide many valuable ecosystem services in both agricultural and urban landscapes, little is known about the landscape variables needed to support these ecosystem services, especially in urban areas where landscapes are highly modiÞed.
Arthropod assemblages are impacted by variation in landscape structure at broad and local spatial scales (Stoner and Joern 2004 , Davis et al. 2007 , Tscharntke et al. 2007 . Landscape variables are often measured at scales Ͼ100 m and include aspects of the environment such as land cover, landscape diversity, and habitat fragmentation. Research has demonstrated the amount of natural habitat at broad spatial scales is generally positively correlated with arthropod diversity and abundance (Kremen et al. 2002 , Steffan-Dewenter et al. 2002 , Schmidt et al. 2005 , whereas the amount of impervious cover (paved surfaces and buildings) typically has strong negative effects on arthropod abundance and diversity (Morse et al. 2003 , Sadler et al. 2006 , Magura et al. 2008 . In contrast, local variables, which are typically measured within a single patch of habitat Ͻ100 m in size, include features such as ßoral diversity, plant composition, and patch size. Local resources such as pollen, nectar, and alternative prey play an important role in supporting diverse arthropod assemblages (Landis et al. 2000) . For example, arthropod abundance and diversity respond positively as ßoral resources are incorporated into domestic gardens, urban parks, and golf courses (Frank and Shrewsbury 2004 , Smith et al. 2006 , Andersson et al. 2007 ). The fact that both broad and local scale variables inßuence arthropod community composition suggests landscape variables need to be measured at more than one scale to maximize arthropods and the services they provide.
Natural enemies are a speciÞc group of arthropods that carry out natural pest suppression services. Natural enemies (predators and parasitoids) are affected by landscape structure (Bianchi et al. 2006) , and consequently, their ability to perform pest suppression services may be altered by changes in landscape structure (Roland and Taylor 1997 , Thies et al. 2003 , Landis et al. 2005 ). Because natural enemies have different dispersal capabilities, they use resources at different spatial scales across the landscape (Tscharntke et al. 2007 ). Heterogeneity of broad and local scale variables affects the distribution of resources across the landscape, which subsequently shapes the composition of the natural enemy community. Although landscape structure likely affects the provisioning of ecosystem services, few studies have examined the impact broad and local scale variables have on natural pest suppression.
The goal of this study was to identify landscape variables that affect natural pest suppression in an urban context. We conducted two Þeld experiments, one observational and one experimental, that measured predation and parasitism rates on aphid populations. The objective of the observational study was to assess the relationship between broad and local scale variables and natural pest suppression by arthropod natural enemies across an urban-to-rural landscape gradient. We hypothesized that 1) broad scale changes in land cover (e.g., decreasing natural habitat and increasing impervious cover) would negatively affect natural pest suppression; and 2) increases in local variables like ßower diversity would positively inßuence natural pest suppression. The objective of the manipulative study, which varied ßower diversity across replicated study plots, was to determine the effect ßower diversity, a local variable, had on natural pest suppression. We hypothesized natural pest suppression would increase with ßower diversity.
Methods

Observational Study
Characterization of Broad and Local Variables. To investigate the effect broad and local scale variables have on natural pest suppression, we measured aphid predation and parasitism rates at 16 sites across an urban to rural landscape gradient in south central Wisconsin (Dane County) during the 2007 Þeld season. Study sites were randomly selected from a pool of 60 sites, either businesses or single family homes, used in a previous study to measure changes in parasitoid assemblages across an urbanization gradient (Bennett and Gratton 2012) . Using Geographic Information Systems and available land cover data from the 2001 National Land Cover Database (NLCD) for Dane County, WI (Homer et al. 2004 ), a landscape analysis was performed on all 16 sites to characterize broad and local scale variables. Broad scale landscape variables included calculations of land cover in the 300 m surrounding each study site. Land cover percentages were assessed for Þve classes: forest (deciduous, coniferous, and mixed forest combined), grassland (pasture and grassland combined), impervious cover, agriculture, and open space. Open space was selected as a cover class because it included all areas dominated by managed grassy areas such as parks and cemeteries, while the cover class agriculture identiÞed all areas used for annual crop production. All other cover types classiÞed by the NLCD comprised less than one percent of the total cover surrounding our sites and were not included in this study.
To assess variation at local spatial scales, we measured a suite of landscape variables within the property boundaries of each study site that included: hardscape, ßower area, ßower diversity, and tree density. Hardscape was quantiÞed by measuring all paved surfaces within a site such as sidewalks, driveways, and patio areas. Hardscape was expressed as a percentage of the total area of the property. Flower area was quantiÞed by measuring the dimensions of all ßower beds within a site and expressed as a percentage of the total area of the property. Flower beds were deÞned as planted areas that contained any combination of ßowering shrubs, herbaceous perennials, or annuals. Within ßower beds, we determined ßower diversity by identifying the plant species that bloomed during the months of JuneÐAugust. Tree density was calculated by dividing the number of trees in a site by site area. To ensure sites used in this experiment were representative of the landscape variation found previously across the urban to rural landscape gradient (Bennett and Gratton 2012) , we randomly selected six sites that were surrounded by Ն50% impervious cover within 300-m surrounding each site, Þve sites with Յ10% impervious cover in the surrounding landscape, and Þve sites surrounded by intermediate ranges (11Ð 49%) of impervious cover in the 300-m surrounding sites. Because impervious cover was negatively correlated with all of the land cover classes measured except open space, we used this variable to characterize the urban-to-rural landscape gradient (Supp Material A).
Arthropod Sampling. In 2007, natural enemy abundance and diversity were measured at each study site twice a month from JuneÐAugust by using unbaited yellow sticky cards. Each study site was divided into four equal quadrants, and one trap was placed in each quadrant. Sticky cards were attached to the top of a 1.25-m bamboo stake, and all sites were sampled on the same dates for a 48-h sampling period. All insect predators and parasitoids collected on sticky cards were counted and identiÞed to the family level. Spiders were counted and identiÞed to order. Abundance of natural enemies at each site is expressed as the average number of individuals caught per sticky card over the course of the 2007 Þeld seasons (four cards per site ϫ 5Ð 6 visits per yr). Natural enemy diversity is expressed as the number of different arthropod families collected from a site and was calculated using rarefaction. Because the number of individuals in a site can inßu-ence species diversity, rarefaction is often used to account for differences in abundance and allow for direct comparisons of diversity between sites (Gotelli and Colwell 2001) . We performed rarefaction by randomly sampling 160 individual arthropods from each site (the minimum cumulative number collected at any one site), repeated the randomization 1,000 times for each site, and used the average number of families as our estimate of natural enemy diversity (Gotelli and Entsminger 2006) . Natural Pest Suppression Index. To measure natural pest suppression at study sites, we excluded natural enemies from sentinel aphid populations and then compared predation and parasitism rates on protected and exposed plants. The bird cherry-oat aphid, Rhopalosiphum padi (L.), was the sentinel prey used in this study and was maintained in the laboratory on winter wheat, Triticum aestivum L., subspecies aestivum ÔLambert.Õ Approximately 24 Ð 48 h before being transported to the Þeld, 50 apterous aphids reared from a laboratory colony were transferred to individual pots of winter wheat. Potted wheat plants then were transported to the Þeld where each study site received four wheat plants. Two plants at each site were covered with a mesh sleeve made from white no-see-um netting (Quest OutÞtters, Sarasota, FL) to exclude natural enemies (hereafter referred to as "closed") while the other two plants were left open allowing natural enemies access to the aphids on each plant (hereafter referred to as "open"). Immediately before covering plants with exclusion sleeves, the number of aphids on each open (O i ϭ open initial) and closed (C i ϭ closed initial) plant were counted, and aphids were either added or removed to ensure each plant had between 30 and 50 aphids. Open and closed plants were paired together and randomly placed within each study site. After 48 h, plants were collected from the Þeld, and the number of aphids remaining on each plant was recorded. Plants with remaining aphid populations were returned to the lab, and aphids were checked for the presence of parasitoid mummies after a two week period. All parasitized aphids were counted and subtracted from the Þnal number of aphids remaining on that plant at the end of the 48-h period in the Þeld. Thus, the number of aphids remaining after a 48-h period on open (O f ϭ open Þnal) and closed (C f ϭ closed Þnal) plants included aphids lost to predation and parasitism. We assumed aphid disappearance because of accidental loss or emigration from plants was random across sites and any differences detected between sites in Þnal aphid numbers were attributable to natural pest suppression. Moreover, the short term nature of this experiment prevented emigration from plants because of excessive increases in aphid populations. During the 2007 Þeld season, we performed three natural pest suppression trials at each of the 16 Þeld sites: two during July and one at the beginning of August.
As our index of natural pest suppression at each site, we divided the number of aphids remaining after 48 h by the initial number of aphids on each open (O f /O i ) and closed (C f /C i ) plant, which adjusted for differences in initial aphid densities on each plant and allowed us to measure the relative change in aphid populations. For each site, the ratio of Þnal to initial aphids remaining on open plants (n ϭ 2) was averaged and the ratio of aphids remaining on closed plants (n ϭ 2) was averaged. A natural pest suppression (NPS) index was calculated as:
Values less than one indicated that aphid populations declined more on open plants (those exposed to natural enemies) than on closed plants (those protected from natural enemies), values greater than one indicated aphid populations increased on open plants more than closed plants, and values close to one indicated no change in aphids populations between open and closed plants.
Data Analysis. The relationship between broad and local scale variation and natural pest suppression was measured using multiple linear regression. First, a principle components analysis (PCA) was used to reduce the number of measured broad and local variables by identifying collinearity between variables. A PCA of broad scale variables revealed that impervious cover was negatively correlated with forest, agriculture, and grassland along PC1, whereas open space was positively correlated with PC2 (Supp. Material A, Fig.  A1 ). The results from the PCA by using local variables showed that hardscape was negatively correlated with ßower area, ßower diversity, and tree density (Supp. Material A, Fig. A1 ). Based on the results from the principle component analyses, the broad and local scale variables used in model selection included percent impervious cover (broad), percent open space (broad), and ßower diversity (local) as these captured the main environmental gradients across our study sites (Supp. Material A).
Next, a set of models was constructed to evaluate the relationships between the natural pest suppression index and selected landscape variables. In addition to using broad and local scale variables to model natural pest suppression, we also incorporated natural enemy data. Thus, the explanatory variables used to model natural pest suppression included: percent impervious cover, percent open space, ßower diversity, natural enemy abundance, and natural enemy diversity. Open space and ßower diversity were square root transformed to improve normality and homogeneity of variances. Natural pest suppression, the response variable, was averaged across the three trials for each site, resulting in 16 independent experimental units. Because of the reduced degrees of freedom, a maximum of two explanatory variables were used to model natural pest suppression. As a result, all possible pair-wise combinations of the selected explanatory variables were used to predict natural pest suppression. All candidate models were compared using AkaikeÕs Information Criteria adjusted for small sample sizes (AIC c , Burnham and Anderson 2002) . The model with the lowest AIC c value was identiÞed as the overall best model. Differences in AIC c values (⌬ i ) were calculated between models and models having AIC c differences less than two were considered competing models (Anderson et al. 2000) . We also examined adjusted R 2 values to identify the model variables that explained the most variation in the data. Statistical analyses were calculated in R version 2.4.1 (R Development Core Team 2005).
Manipulative Study
Experimental Design. In the second experiment, we measured the effect of ßower diversity on differences in natural pest suppression by using a manipulative experiment. A common garden of replicated plots that varied in ßower diversity was established at the University of Wisconsin West Madison Agricultural Research Station in Madison, WI (Dane County, WI) in the spring of 2005. The levels of planting diversity used to measure natural pest suppression included: zero, one, and seven ßower species per plot. Individual research plots were 2 by 3 m in size and were separated by 5 m of turf on all sides (Supp Material B for a detailed description of the experimental design). The ßower species used in 1-species and 7-species plots included: Pycnanthemum tenuifolium Schrad., Monarda fistulosa L., Eryngium yuccifolium (Michx.), Echinacea pallida (Nutt.), Liatris aspera (Michx.), Dalea purpurea (Vent.), and Veronicastrum virginicum (L.) Farw. All seven ßower species were planted in monoculture with six replicates of each species (hereafter referred to as 1-species plots). To measure natural pest suppression, four replicates of each species were randomly selected. The highest level of planting diversity contained all seven ßower species and had 12 replicates (hereafter referred to as 7-species plots). Six replicates of this planting treatment were selected to measure natural pest suppression. In addition, natural pest suppression was also measured in six plots that contained no ßowers and were covered in mulch (hereafter referred to as 0-species plots). Plots that contained no ßowers were used to determine background rates of predation and parasitism within the boundaries of the entire Þeld site (75 m by 85 m). During the 2007 Þeld season, we conducted two natural pest suppression trials during the month of July. Plots used to measure natural pest suppression were selected randomly at the beginning of each trial.
In contrast to the observational study, the soybean aphid (Aphis glycines Matsumura) on soybeans (Glycines max L. variety Colfax) served as the sentinel prey. Approximately, 50 apterous soybean aphids were transferred to individual pots of soybean 24 Ð 48 h before a Þeld trial. Once in the Þeld, individual ßower plots (0, 1, and 7 species) received four potted plants (two open and two closed). After 48 h, the number of aphids remaining on plants was recorded, and plants were returned to the lab to determine the number of parasitized aphids. Again, the Þnal aphid number included aphids lost to both predation and parasitism.
Data Analysis. As with the observational study, rates of predation and parasitism were compared on open and closed plants. Natural pest suppression was calculated using equation 1 for each plot. The natural pest suppression index was averaged across trials for plots that were used in both sampling dates. Analysis of variance (ANOVA) was used to compare the natural pest suppression index between levels of ßower diversity (0-, 1-, and 7-species plots) by using JMP 7.0 (SAS Institute 2007).
Results
Observational Study. Natural pest suppression was best explained by natural enemy diversity and ßower diversity, both local scale variables (Table 1 , best Þt model, R 2 ϭ 0.64). Natural enemy diversity ranged from 16.1 to 22.4 arthropod families per site, whereas ßower diversity ranged from 0 to 52 plant species per site. The best-Þt model indicated that natural enemy diversity positively affected aphid suppression (Table  1, Fig. 1b) , whereas ßower diversity negatively affected aphid suppression (Table 1, Fig. 1a ). In the set of models used to explain natural pest suppression, no competing models were present (Table 1) .
Natural pest suppression ranged from Ϫ0.02 to Ϫ1.06 across our landscape gradient with urban (Ͼ10% impervious cover in the 300-m surrounding sites) and rural (Ͻ10% impervious cover in the 300-m surrounding sites) sites experiencing both high and low levels of predation and parasitism. Despite the fact the percentage of impervious cover measured in the 300-m surrounding sites ranged from a low of zero percent in rural areas to a high of 73% in urban areas and the percentage of open space had values spanning from 0 to 46%, there was no relationship between broad scale variables and the natural pest suppression index (Table 1) .
Experimental Study. Although all plots experienced declines in sentinel aphids on open plants because of predation and parasitism (X ϭ Ϫ0.28 Ϯ 0.24, n ϭ 51), natural pest suppression was not different across treatments (F ϭ 1.42; df ϭ 2, 48; P ϭ 0.25, Fig. 2 ).
Discussion
Human activity is increasingly modifying landscape structure (Irwin and Bockstael 2007 , Weng 2007 , Grimm et al. 2008 , and as a consequence altering the diversity and composition of arthropods that provide ecosystem services (Sadler et al. 2006 , Ahrne et al. 2009 ). Because humans beneÞt from the services arthropods provide (Losey and Vaughan 2006) , identifying landscape variables that can be manipulated to increase arthropod community composition and the performance of arthropod provided ecosystem services in urbanized landscapes is becoming increasingly important. The results from our observational study found natural pest suppression improved as the diversity of natural enemies increased in the landscape, but that natural pest suppression was negatively affected by increasing levels of ßower diversity. We found no evidence that the broad scale variables measured in this study inßuenced differences in natural Summary of model selection statistics for i ϭ 10 models predicting natural pest suppression as a function of every combination of explanatory variables measured. Impervious cover and open space were the broad scale variables measured in the 300-m surrounding study sites, whereas ßower diversity, natural enemy diversity, and natural enemy abundance were those variables measured within the property boundaries of each site. The model with substantial support (⌬i Ͻ 2) is highlighted in bold.
a Imp: % impervious cover, FD: Flower diversity, Open: Open space, NeD: Natural enemy diversity, NeA: Natural enemy abundance. b number of parameters. c AkaikeÕs Information Criteria, adjusted for small sample sizes. d AICc differences, calculated by subtracting model with lowest AICc value from other model AICc values. Fig. 1 . Natural pest suppression (A) increased (meaning fewer aphids were killed) as ßower diversity increased (P ϭ 0.0023) and (B) decreased (meaning more aphids were killed) as natural enemy diversity increased (P ϭ 0.0002). The added variable plots show the relationship between (A) natural pest suppression averaged by site and ßower diversity after accounting for the effect natural enemy diversity had on natural pest suppression in 2007 and (B) natural pest suppression averaged by site and natural enemy diversity after accounting for the effect ßower diversity had on natural pest suppression in 2007. Added variable plots use model residuals to show the effect a particular explanatory variable has on the response variable (Cook and Weisberg 1999). pest suppression across our urban to rural landscape gradient. The results from the experimental study, which manipulated ßower diversity, found overall declines in aphid populations but no differences across levels of ßower diversity. When the results from both experiments were compared, variation in predation and parasitism rates were only detected when natural pest suppression measurements were taken at sites spatially separated by distances that ranged from 0.37 km to 43.5 km across the landscape, suggesting our ability to detect the effect landscape structure has on natural pest suppression may depend on the scale natural pest suppression is measured.
Research has demonstrated natural enemy diversity can be positively or negatively impacted by changes in broad and local scale variables (Kleijn and van Langevelde 2006 , Hendrickx et al. 2007 , Werling and Gratton 2008 . In fact, previous research, which included the sites used in this study, found parasitoid diversity declined as the amount of impervious cover increased in the 300 m surrounding sites (Bennett and Gratton 2012) . Because broad scale variables are known to inßuence natural enemy abundance and diversity, we expected the landscape variables measured in this study would also be important in explaining variation in natural pest suppression across our landscape gradient. However, we found natural enemy diversity was a better predictor of natural pest suppression than any of the broad or local scale variables measured. It is possible that natural enemy diversity had a stronger relationship with natural pest suppression compared with other broad scale variables measured because our measurement of natural enemy diversity captured sources of variation (e.g., habitat fragmentation) that were not directly measured but related to the diversity of natural enemies associated with each site.
Floral resources typically have a number of positive effects on natural enemies ranging from increased longevity Pleasants 1996, Witting-Bissinger et al. 2008 ) to higher fecundity (Idris and GraÞus 1995 , Tylianakis et al. 2004 , Lee and Heimpel 2008 . As a result, the presence of ßoral resources often augments natural enemy abundance and diversity and can increase rates of predation and parasitism (Stephens et al. 1998 , Collins et al. 2002 , Frank and Shrewsbury 2004 , Ellis et al. 2005 . However, in this study increasing levels of ßower diversity reduced natural pest suppression. While this relationship was not expected, we suggest intraguild predation and natural enemy distraction may account for this pattern. Intraguild predation occurs when multiple predators that share a common prey item also feed on each other (Daugherty et al. 2007 , Polis et al. 1989 . Intraguild predation between arthropod natural enemies has been shown to reduce predation on herbivorous insects in natural Denno 2004, 2005) and agricultural systems (Straub et al. 2008) . Because the presence of ßoral resources often increases natural enemy abundance and diversity (Fiedler and Landis 2007 , Siemann et al. 1998 , Scherber et al. 2010 , the probability of attracting natural enemies that attack multiple species including other natural enemies likely increases as ßoral resources are enhanced within sites. As a consequence, increasing levels of ßower diversity may increase intraguild predation and reduce pest suppression.
Increasing ßower diversity may also act as a distraction to natural enemies. As ßower diversity increases, natural enemies may spend more time foraging on ßoral resources or feeding on alternative prey. For example, Prasad and Snyder (2006) found suppression of a dipteran prey by predatory beetles decreased in the presence of aphids, an alternative prey item. Although ßoral resources may temporarily distract natural enemies, theoretical models predict natural enemy numbers should increase over the course of the growing season and positively impact pest suppression (Harmon and Andow 2004) . The negative effect ßower diversity had on natural pest suppression in our system was possibly a consequence of when natural pest suppression experiments were conducted, meaning pest suppression measurements taken earlier or later in the season may have revealed a different relationship with ßower diversity. While research has established that ßoral resources in general offer positive beneÞts to natural enemies, ßower diversity may have unintended negative consequences, especially over short time periods, on the ability of natural enemies to provide natural pest suppression.
Although aphid populations declined across the entire experimental Þeld site, manipulated levels of ßower diversity had no effect on natural pest suppression. That is, we found predation and parasitism rates were similar across all levels of ßower diversity (0, 1, and 7-species per plot). Natural pest suppression is mediated by landscape variables at multiple spatial scales (Tscharntke et al. 2007 ). Although arthropod natural enemies are mobile, landscape structure can facilitate or impede natural enemy movement between habitat patches (Steffan-Dewenter et al. 2002) . As a result, local and broad scale variation in landscape structure can differentially impact natural enemies based on their dispersal abilities. Differences in the dispersal abilities of natural enemies may create variation in natural enemy communities across the landscape and subsequently impact rates of predation and parasitism. Despite the fact, each ßower species and level of planting diversity supported a different natural enemy assemblage, predation and parasitism rates were similar across treatments. This pattern suggests the natural enemy communities associated with each ßower species and level of planting diversity were likely foraging at spatial scales larger than the individual plots and dispersing over spatial scales at least as large as the experimental landscape (75 by 80 m). A similar study, which measured the effect ßower density had on populations of scale insects, also found natural enemy populations responded at the scale of the experimental landscape obscuring differences in parasitism rates across treatments (Rebek et al. 2006) . The spatial distance between plots, 5 m in this study, likely allowed natural enemies to easily disperse between plots, suggesting the experimental landscape in this study functionally supported one natural enemy population which provided similar pest suppression services across the entire experimental landscape.
In contrast, differences in natural pest suppression were detected between sites when pest suppression was measured across an urban to rural landscape gradient. Similar to our Þndings, differences in predation (Werling and Gratton 2008, Gardiner et al. 2009 ), parasitism (Roland and Taylor 1997, Zaller et al. 2009 ), and pollination (Kremen et al. 2002, Greenleaf and Kremen 2006) have been found when arthropod mediated services are measured across broad spatial scales. In general, natural enemies respond to variation in landscape heterogeneity at spatial scales representative of their dispersal abilities (Bianchi et al. 2006 , Thies et al. 2003 , which can result in local differences in natural enemy diversity. Niche complementarity, which results from interspeciÞc differences in resource use and habitat requirements (Fargione et al. 2007) , is one mechanism that could account for improved aphid suppression with increased natural enemy diversity. Ecosystem services performed by mobile arthropods may need to be sampled across broad spatial scales where differences in natural enemy assemblages are apparent and create an opportunity to quantify the effect landscape variation has on the provisioning of ecosystem services while concurrent small scale experiments may provide insight into the mechanism driving the relationships observed at broader scales.
Conserving ecosystem services in human-dominated landscapes is challenging because human activities modify landscape structure. The results from this study indicate that ecosystem services performed by mobile organisms, like insects, should be sampled across broad spatial scales where site-to-site variation in landscape variables can inßuence community composition and subsequently effect the provisioning of ecosystem services. Although natural pest suppression did not increase across our urban to rural landscape gradient, natural pest suppression improved as natural enemy diversity increased, suggesting the natural enemy diversity associated with a site may serve as an index for the potential pest suppression a site can provide. While ßower diversity had mixed effects on natural pest suppression in this study, the beneÞts as well as the disadvantages ßower diversity can have on natural enemies must be considered when managing landscapes for biodiversity and ecosystem services. Flower diversity like many other landscape variables can affect multiple ecosystem services within a site. Thus, identifying which landscape variables should be conserved and restored in human modiÞed environments requires understanding the multifaceted effects each landscape variable has on structuring community composition and providing ecosystem services.
